Background: Unstable thoracolumbar burst fractures are treated surgically by short segment fi xation but may be associated with high implant failure. Supplementation of anterior column by insertion of screw at fracture site makes it more biomechanically stable. Objectives: The purpose of this prospective study was to evaluate radiological parameters in thoracolumbar fractures treated with intermediate screw fi xation with a minimum follow up of two years. Methods: This prospective study was conducted from 2011 till 2012 where unstable thoracolumbar fractures treated with short segment posterior instrumentation with screw at fracture site were evaluated. All patients (average age 34.64 were followed up for at least 24 months and were classifi ed according to Thoracolumbar Injury Classifi cation and Severity Score and load sharing classifi cation. Out of total 32 patients, four lost to follow up. Radiological parameters like vertebral body height and segmental kyphosis were evaluated and pain was evaluated by Visual Analogue Scale score. Results: Preoperative pain showed mean Visual Analogue Scale Score score of 8.29 that improved to 0.97 at fi nal follow up. Average preoperative loss of vertebral body height was 48.19 %, which improved to 11.4 % after surgery (p<.001). Final vertebral body collapse was 12.98 % with mean percentage loss of vertebral height at 1.57%. Average segmental kyphotic angle was 22.54 before surgery, which corrected to 5.89 immediately after surgery (p<0.001). Final segmental kyphosis was 8.46. Loss of kyphosis correction was 2.57. Two patients had implant failure, but was solidly united during implant removal in both cases. Conclusion: Excellent maintenance of reduction in thoracolumbar burst fractures with short segment fi xation with intermediate screws at fracture site with limited decompression resulted in improved neurologic function and satisfactory clinical outcomes, with a low incidence of implant failure and progressive deformity.
INTRODUCTION
T horacolumbar burst fracture is one of the most com mon injuries of the spine and there is always some controversy regarding the indications and type of operative treatment even in the posterior approach 1, 2 . The anterior approach and instrumentation have had success in the past, but there are report of it being time consuming and demanding as well as having potential risks of major vascular damage 3, 4 . With pedicle screw instrumentation, the pos terior approach alone can avert the need for reconstruc tion from anterior as it includes all three columns. Most authors believe that short segment posterior instrumentation and fusion is the best available option as it has reduced complication, reduce the blood loss, preserving segmental motion with an acceptable anatomic and functional outcome 5 . Furthermore, studies have shown that posterior instrumentation is as effective as anterior surgery alone or combination of anterior and posterior surgery with posterior alone surgery alone being less time consuming and with less blood loss 6 . However, there are also reports of high percentages of instrumentation failure 7, 8 . To avoid the failure some authors' advice to treat these patients with long segment fi xations i.e. two segment above and two segments below the fracture site but one has to compromise on motion segments. Vol. 4 • No. 3 • Issue 13 • Jul.-Sep. 2015 Journal of Kathmandu Medical College have reported good outcome with balloon-assisted vertebroplasty, however this system is rather expensive 9 . Among the various methods of treatment available is insertion of screw at the fracture site which is supposed to dissipate the load uniformly hence leading to less implant failure. Biomechanical studies have shown that the addition of intermediate screws at the level of a burst fracture signifi cantly increases the stiffness of a short segment pedicular fi xation 10 . It has been reported that inclusion of the fracture level into the construct offered a better kyphosis correction, in addition to fewer instrument failures, without additional complications, and with a comparable if not better clinical and functional outcome 11 . Some have even gone further in treating fractures with load sharing score (LSC) of >7 with posterior instrumentation with screw augmentation at the fracture site and have claimed good to excellent results
.
Correction of sagittal deformity is important for the maintenance of fracture reduction and may have an effect on satisfactory functional outcome and studies have shown that maintaining the anterior body height leads to a better functional outcome 13 . The purpose of this prospective study was to evaluate the radiological parameters (changes in kyphotic deformity and vertebral body height) in thoracolumbar fractures treated with intermediate screw fi xation, regardless of the (LSC) 14 with a minimum follow up of two years.
METHODS
This was a prospective study conducted at Kathmandu Medical Teaching Hospital from August 2011 till December 2012 where all thoracolumbar fractures treated surgically with short segment posterior instrumentation with screw at fracture site were evaluated. The inclusion criteria were a single fresh unstable burst fracture with or without posterior ligamentous complex injuries and unstable burst fractures with neurologic defi cits, vertebral body collapse exceeding 50 % and/or segmental kyphosis exceeding 20°. The following were the exclusion criteria: burst fractures treated non -operatively, burst fractures surgically treated with short segment fi xation without screw at the fracture site and long segment fi xation and patients with poly trauma but fi xed with intermediate screws. Osteoporotic fractures and multilevel spinal fractures were also excluded.
All patients were evaluated with plain X-rays, computed tomography (CT) and/or magnetic resonance imaging (MRI) and complete neurologic examination was done by one of the two authors at the time of admission. All patients were treated with short segment posterior instrumentation with screw at the fracture site and were followed up for at least 24 months. All patients were classifi ed according to the thoracolumbar injury classifi cation and severity score (TLICS) 15 and load sharing classifi cation.
SURGICAL TECHNIQUE
Patients were posi tioned prone on a lumbar frame with pillows to reduce the intra-abdominal pressure and to create a positional reduc tion on the fracture site. A midline posterior longitudinal incision was used to expose one level above and below the fractured vertebra. Proper dissection was done so as to minimally damage the soft tissue around the facet joints while inserting the pedicle screw. Rods were then pre-contoured before insertion according to the normal sagittal alignment of the injured level. A cantilever correction was performed by bringing the rod to the screw and slight distraction was done so as to gain the anterior body. In patients with a partial neurologic defi cit a limited decompression was performed via a laminectomy as determined by preoperative CT/MRI with removal of the spinous process to visualize the dural sac. Direct decompression was then performed by tapping the retropulsed bone fragments into the vertebral body through a posterior approach. Cross-links were used in those patients requiring a laminectomy and fusion. We did not routinely perform posterior fusion for patients with intact posterior column, however, if the posterior element injuries including facet joint or posterior ligamentous complex injuries were found to be injured a posterior fusion was added.
POSTOPERATIVE PROTOCOL AND FOLLOW-UP
Postoperative protocol for all patients includes mobilization once the pain subsided, usually on the third post operative day. An external orthosis (Taylor brace) was used for approximately three months postoperatively in all patients. Radiographs were obtained immediately after operation and at follow-up intervals of three, six and twelve and fi nal follow up at 24 months. Back pain was determined on the basis of Visual Analog Scale (VAS) 16 . Implants were not routinely removed as some of the patient refused second operation as they had no problem doing their activities of daily living. Eight patients who had no posterior ligamentous injury opted for implant removal and were removed after [12] [13] [14] [15] [16] 
RADIOLOGICAL PARAMETERS
Loss of vertebral body height was defi ned as the percentage of fractured vertebral body compression with respect to the next adjacent intact vertebrae, above and below the fractured vertebrae 17 . Segmental kyphosis was determined by measuring the Cobb angle. These parameters were taken at the time of admission, immediate post operation and fi nal follow up. We evaluated the loss of fi xation at the fracture site based on the criteria of poor outcome widely accepted for radiological outcome evaluations which include a correc tion loss of more than 10° of the local kyphotic angle value at the fi nal ob servation compared with immediate post operative fi ndings, pedicle screws or rods breakage or pulled-out screw.
STATISTICAL ANALYSIS
Data were analyzed using the program SPSS version 20. Paired samples t-test used to compare the correction in kyphotic angle and the loss of vertebral body height in immediate post operative period and at the fi nal follow up and a p-value of less than 0.05 was considered statistically signifi cant.
RESULTS
There were a total of 28 tho racolumbar burst fracture (T11 to L2) patients (21 males and 7 females) with an average age of 34.64 years (range 17-57 years). There were 16 patients with L1 fracture, eight with D12 and four with fracture at L2 vertebra. Table 1 shows the detailed clinical characteristics of all patients. The most affected vertebral body is L1. The average point of TLICS and LSC were 3.5 and 6.5 points, respectively. Ten patients had normal neurology (American Spinal Injury Association (ASIA) E), 10 had incomplete defi cits (ASIA B, C, D), and seven had complete defi cit (ASIA A). Fall from height was the most common injury mechanism (n-25) and rest of the injuries occurred in a road traffi c accident. In this series, the average injury-surgery interval was three days (range 1-5 days), and the mean operation time was 96.6 min (range 80 -140 min).
AS SESSMENT OF RADIOGRAPHIC PARAMETERS
The average preoperative loss of vertebral body height was 48.19 %, which improved to 11.4% after surgery (p<.001). The fi nal vertebral body collapse was 12.98 % with mean percentage loss of vertebral height at 1.57. The average segmental kyphotic angle was 22.54 before surgery, which was corrected to 5.89 immediately after surgery (p<0.001). The fi nal segmental kyphosis was 8.46. Loss of kyphosis correction was 2.57.
All patients exhibited excellent improvement of pain and function after surgery. The preoperative pain level showed a mean VAS score of 8.29 improved to 2.86 postoperatively, and to 0.79 at the fi nal follow-up (p<0.001). No patient had persistent postoperative back pain. All eleven patients with incomplete neurologic defi cits had improvement by at least one ASIA grade 
COMPLICATIONS
There were two cases of postoperative infection which was controlled with intravenous antibiotics and surgical toileting. There were two cases of implant failure, including breakage of rods and loosening of cap of pedicle screw but both patients had solid union observed during implant removal.
DISCUSSION
Our results show that short segment posterior fi xation with intermediate screw at the fracture vertebra have good to excellent results in majority of the patients with few complications. Initial fi xation methods involved long fusion constructs bridging two to three levels above and two levels below the fractured vertebra. Long segment fi xations are more stable but increased number of spinal levels has to be fused leading to long term back pain. Hence, to preserve motion segments, shorter fusion constructs that consisted of transpedicular screws one level above and one level below the fractured vertebra have been advocated 18 . However, it has been reported that short segment posterior alone fi xation leads to poor outcome both radiologically and functionally with many instrument failures 19 . It was reported earlier that short segment fi xation led to implant failure in 45% of patients within six months of operation 8, 20 . Load sharing classifi cation was developed when the authors noted that 36% of short segment fi xation had implant failure when the score was more than six. Therefore, to augment short-segment fi xation, anterior column reconstruction with adequate fi xation points can be an alternate treatment method.
The concept of an intermediate screw to increase the stiffness of a short-segment construct was fi rst introduced by Dick et al 21 . It has been shown in biomechanical studies that addition of intermediate screws at the level of a burst fracture signifi cantly increases the stiffness of a short segment pedicular fi xation 10 . The use of intermediate screws provides the advantage of a stiffer construct and therefore a lower probability for We agree with Guven et al 22 that fracture level screw fi xation technique could achieve and maintain correction, which was more prevalent in short-segment fi xation. This technique provides the correction of deformity through vertebral endplate augmentation with its buttress effect (bending force). Previous studies have shown that the mean loss of kyphosis correction ranging from 3° to 12° was reported in the clinical results of short segment pedicle screw fi xation. The mean correction loss in our series was 2.57°7 , 8 .
In our series, we did not perform spinal fusion (posterior or posteriolateral) with no posterior ligamentous injury and thus can preserve spinal motion segments. Our indication for posterior fusion is posterior element injuries, such as facet joint or posterior ligamentous complex injuries.
It had been shown in various long term studies that fusion is not necessary to maintain the correction in kyphotic deformity in these fractures even in short segment fi xation 23 . Improvement in clinical outcomes was observed in all patients, and two cases of implant failure were found. This technique eliminates the need of the anterior approach in thoracolumbar burst fractures which is associated with increased morbidity and additional risk of injury to visceral and vascular structures related to anterior approach.
The load sharing classifi cation has been proposed to predict the failure of posterior short-segment fi xation.
Previous studies have concluded that an LSC six or less is likely to be good candidates, while an LSC seven or more requires the anterior approach to reconstruct the anterior column 14 . However, the signifi cance of LSC has been questioned in thoracolumbar fractures as many studies have shown to have excellent results with posterior only fi xation with intermediate screws at fracture site in patients with LSC score more than seven 23 .
Gelb et al 12 reported that patients with a Load Sharing Classifi cation point total of ≥ seven had an 8.8 degree loss of correction compared with a 6.8 degree loss of correction in patients with a point total of ≤ six. In their study none of their patients experienced instrumentation failure, and none required revisions because of signifi cant progressive kyphotic deformity.
We also did not have any diffi culty in inserting screws in the fractured vertebra and agree with Kose et al that the hold and pullout strength was good in all cases. We could insert screws at the fractured vertebra bilaterally except in two cases where there was gross fracture of the pedicles.
The loss of correction averaged 2.57 in our series and is similar to the reviewed literature, however it was not correlated clinically. Many reports have stated that there is no signifi cant correlation was found between the fi nal kyphosis and pain scale 24 .
CONCLUSION
The present study has demonstrated that unstable thoracolumbar burst fractures, regardless of LSC point, in patients with or without neurologic defi cits can be decompressed and stabilized with intermediate screws following posterior short-segment instrumentation through a single posterior approach. Improvement in clinical outcomes was observed in all patients, and only two cases of implant failure and no progressive deformity was found. With this procedure the anterior approach with its morbidity and risk of injury to visceral and vascular structures can be eliminated in treating unstable thoracolumbar spine fractures.
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